Nearly forty years ago, two years before the term "tumor suppressor" was coined, work in the fruit fly Drosophila provided the first example of a gene (lethal giant larvae, l(2)gl), whose loss of function resulted in tumor formation (Bilder, 2004) . Since then, the depth and scope of research in this field has established Drosophila as an excellent model organism for the comprehensive analysis of tumorigenesis. By now, dozens of genes have been identified whose inactivation produces tumors in a wide range of different tissues, including the imaginal discs, brain, hemolymph, and gonads. The grade of these tumors ranges from benign hyperplasias to malignant neoplasms. Among the best examples of the latter are the invasive neuroblastomas that are induced by mutations in disc large (dlg), scribble (scrib), l (2)gl, and brat. dlg, scrib, and l(2) gl are also required to maintain polarity in different cell types, including neuroblasts, the stem cells that give rise to the neoplasms that form in loss-of-function mutants for all three genes (Gateff, 1994; Bilder, 2004) . Therefore, as in mammalian epithelia, tumor progression and loss of polarity are highly correlated events in Drosophila neuroblastomas.
Neuroblasts are polarized along their apical-basal axis. During mitosis, various mRNAs and proteins segregate to either the apical or the basal cytocortex (Figure 1 ). After cytokinesis, apical proteins stay in the larger daughter and basal proteins end up in the smaller daughter, thus mediating the different fates of the two sisters: the larger daughter remains a neuroblast and retains the properties of a stem cell, whereas the smaller daughter is a so-called ganglion mother cell (GMC) that will divide one more time to generate a pair of neurons or glial cells (Wodarz and Huttner, 2003 Two studies, one in this issue of Cell (Betschinger et al., 2006) and the other in Developmental Cell (Lee et al., 2006a) show that the cell-fate determinant Brain Tumor (Brat) suppresses self-renewal in one of the daughter cells that arise from the asymmetric division of a neural stem cell. This work suggests a mechanism by which loss of polarity in stem cells may lead to tumorigenesis.
blasts, thus establishing a causal relationship between compromised inheritance of cell-fate determinants and unrestrained growth of the mutant neuroblast lineage (Caussinus and Gonzalez, 2005) . Moreover, the ectopic expression of a constitutively active form of atypical protein kinase C (aPKC), an apically localized protein, leads to an increase in the number of brain neuroblasts, indicating that aPKC may promote self-renewal and inhibit neuronal differentiation (Lee et al., 2006b ). Which molecular mechanisms connect cell fate and the control of cell proliferation? This key question lies at the heart of understanding how loss of stem cell polarity may lead to cancer. A paper in this issue of Cell (Betschinger et al., 2006 ) and a related paper in Developmental Cell (Lee et al., 2006a) provide an answer. They show that the tumor-suppressor protein Brat serves as a cell-fate determinant that segregates asymmetrically into the smaller daughter, the GMC. Two independent experimental approaches have revealed this new function of Brat. Lee et al. (2006a) identified a new mutant brat allele in a genetic screen for mutations that affect the number of neuroblasts in the central brain of Drosophila larvae. Betschinger et al. (2006) isolated Brat as a binding partner of the Miranda (Mira) protein, which in neuroblasts functions as a cortical adaptor for the cell-fate determinant Prospero (Pros; Wodarz and Huttner, 2003) . Both papers show that Brat binds to the cargo binding domain of Mira and colocalizes with Mira at the basal cortex of dividing neuroblasts. The analysis of Brat localization in mira and pros mutants revealed that Mira is required for Brat localization whereas Pros is dispensable, consistent with Brat being a cargo of Mira. Loss of brat function leads to mild defects in the CNS during embryogenesis (Betschinger et al., 2006) but results in a dramatic increase in the number of neuroblasts in the larval brain and the concomitant loss of differentiated neurons (Gateff, 1994; Betschinger et al., 2006; Lee et al., 2006a) . Similar observations were made in the larval brains of flies bearing a pros loss-of-function mutation and in flies with loss of function mutations in genes that are required for proper segregation of Pros and Brat into the GMC (such as mira, l(2)gl, and partner of inscuteable [pins]; Caussinus and Gonzalez, 2005; Betschinger et al., 2006; Lee et al., 2006a) .
How could Pros and Brat exert their function in the GMC? Pros is a homeobox transcription factor that acts either as an activator or as a repressor of target-gene transcription, depending on the context. Consistent with the occurrence of supernumerary cell divisions, key cell cycle regulators like cyclin A, cyclin E, and string (cdc25) are among the target genes that are derepressed in pros mutants (Li and Vaessin, 2000) . In contrast, Brat has been shown to interact with RNA binding proteins by direct proteinprotein interactions and to repress translation of specific mRNAs (Sonoda and Wharton, 2001) . Betschinger et al. (2006) now have found that one of the proteins downregulated by Brat in wild-type neuroblasts is the transcription factor Myc. Among the targets of Myc are many genes that are involved in the RNA-polymerase I-dependent transcription of rRNA and ribosome biosynthesis (Grewal et al., 2005) . In fact, overexpression of Myc leads to enlarged nucleoli and increased protein synthesis, which causes an increase in cell size (Grewal et al., 2005) . Consistent with these findings, brat mutant cells also have enlarged nucleoli (Frank et al., 2002; Betschinger et al., 2006) , and there is evidence that GMCs in brat mutants increase in size and convert to ectopic neuroblasts (Lee et al., 2006a) . Together, these findings point to a dual function of the cell-fate determinants Brat and Pros as suppressors of self-renewal in the GMC, which also promote the terminal differentiation of the GMC daughters. This work indicates that compromised inheritance of cell-fate determinants contributes to unrestrained growth of the neuroblast lineage.
Are studies in the fruit fly telling us anything relevant with respect to the formation of tumors in man? The hypothesis that some tumors may arise by the transformation of stem cells into cancer stem cells has recently gained much attention (Reya et al., 2001 ). Stem cells possess an enormous developmental potential and have the unique ability to self-renew. These two features, essential for their normal behavior during development and adult tissue In a dividing wild-type neuroblast, the cell-fate determinants Pros (orange) and Brat (blue) segregate into the ganglion mother cell (GMC), whereas proteins that are localized apically, including atypical protein kinase C (red), remain in the neuroblast. After cytokinesis, the larger daughter cell retains the capacity to self-renew and will continue to divide, whereas the smaller GMC will give rise to a pair of terminally differentiated neurons. In the GMC, Pros represses the transcription of key cell cycle genes and Brat suppresses the translation of Myc mRNA, which leads to reduced rates of ribosome biogenesis and protein synthesis. In neuroblasts of brat mutant larvae, neither Brat nor Pros segregate into the GMC because Pros levels are dramatically reduced in the absence of functional Brat protein. Consequently, cell cycle progression is not inhibited in the GMC, and protein synthesis is elevated, resulting in the transformation of the GMC into a cell with self-renewal capacity that continues to divide and fails to differentiate. Although aPKC is occasionally mislocalized in brat mutant neuroblasts, aPKC is dispensable for the overproliferation of the transformed GMCs (Lee et al., 2006a). homeostasis, could make stem cells a major threat to the organism if the machinery that keeps them in check becomes defective. Is this a plausible mechanism of tumorigenesis? Exploiting Drosophila neuroblasts as model stem cells, three recent papers have clearly demonstrated that this is indeed the case (Caussinus and Gonzalez, 2005; Betschinger et al., 2006; Lee et al., 2006a) . In addition, these papers show that keeping the self-renewal potential of stem cells at bay requires the tight control of the unequal segregation of cell-fate determinants in mitosis, a process that, in all likelihood, is as critical to human stem cells as it is to Drosophila neuroblasts. Furthermore, work in Drosophila has revealed a direct connection between loss of the cell-fate determinants Brat and Pros and the ectopic upregulation of specific target genes that in flies and in humans are known to control the cell cycle (Caussinus and Gonzalez, 2005; Betschinger et al., 2006; Lee et al., 2006a) . It remains to be determined whether the human homologs of the Drosophila genes involved in the control of asymmetry and cell fate work in a similar way to prevent the generation of cancer in man. In any case, Drosophila is showing its worth when it comes to modeling fundamental processes that are relevant for understanding human diseases.
Our understanding of the molecular basis of sensory transduction is advancing across all five of the Aristotelian senses (sight, hearing, touch, smell, and taste). The transient receptor potential (TRP) family of cationselective channels is increasingly recognized as key players on this stage. TRPA1 has been a subject of particular interest because of recent reports suggesting that it may be involved in hearing (as the mammalian hair cell mechanotransducer) and in the detection of cold stimuli and some irritant chemicals by nociceptors (neurons that respond to painful stimuli). In this issue of Cell, David Julius and colleagues (Bautista et al., 2006) report on a mouse lacking TRPA1 and provide important insights into all three proposed roles. The work not only demonstrates what activates a particular TRP channel, but also shows how these channels may control neuronal excitability (Figure 1) .
TRP channel subunits are encoded by 28 distinct genes, many of which produce multiple splice variants. The TRP family comprises seven structurally related subfamilies and TRPs form multimeric complexes that may involve heteromultimerization both within and between different subgroups.
Increasingly Irritable and close to Tears: TRPA1 in Inflammatory Pain
Stephen B. TRP cation channels transduce mechanical, thermal, and pain-related inflammatory signals.
In this issue of Cell, Bautista et al. (2006) report that TRPA1 has a central role in the pain response to endogenous inflammatory mediators and to a diverse array of volatile irritants, including those found in tear gas and garlic. In contrast, mechano-and thermosensation are normal in TRPA1-deficient mice.
